dence to date that these precursor vesicles may exist
al., 1995), we next examined the temporal and spatial appearance of Piccolo in differentiating neurons by double-label immunofluorescent microscopy. Antibodies against MAP2 were used to mark dendrites at different stages of neuronal differentiation (Goslin and Banker, 1991). In stage 2 neurons, when minor processes first appear (2 days in vitro), Piccolo immunoreactivity was observed as fine puncta in the cell soma as well as in all fine processes, which were labeled by MAP2 antibodies (Figures 2A-2C) . At 3 to 4 days in vitro, as the axonal outgrowth is initiated (stages 3-4), the distribution of Piccolo and MAP2 became polarized ( Figures 2D-2F ). Piccolo immunoreactivity was found primarily in the distal part of the axon and the growth cone as fine puncta ( Figures 2D and 2F ), while MAP2 immunoreactivity was detected in the dendrites and in the proximal axonal segments ( Figures 2E and 2F ). As at stage 2, a perinuclear punctate staining pattern for Piccolo was observed, indicating that Piccolo is synthesized and packaged into discrete particles in the cell soma ( By repeating this procedure, we were able to detect location. These data were then compared with the "age" of the bouton, defined as the time interval between the moment the bouton was first observed and the time at which the preparation was fixed. Figure 3 shows an examaptic sites before or concomitantly with the acquisition of a capacity for activity-induced recycling of SVs, and ple of two new boutons that appeared ‫65ف‬ min before fixing the preparation. Retrospective immunohistochemithey support the possibility that the Piccolo may be involved in synapse assembly. cal analysis of the same region revealed the presence of discreet clusters of Piccolo at the same sites.
All Figure  4B , Piccolo in the P100 fraction was found in 0.3 and 0.8 M layers together with synaptophysin, indicating that Piccolo is associated with light membranes similar to SVs. In contrast, Piccolo in S100 fraction remained at the bottom of the gradient, indicating that Piccolo in the supernatant is not associated with membranes ( Figure  4B ). As a control, when P100 fraction was treated with Triton X100 before the flotation assay, Piccolo and synaptophysin remained at the bottom of the gradient, indicating that the ability of both Piccolo and synaptophysin to float is dependent on membrane integrity. Interestingly, when adult rat brain (P30) was used in the experiment, Piccolo stayed at the bottom of the gradient, whereas synaptophysin was found in 0. Figure 5C ). No vesic- The association of Piccolo with these 80 nm granulated 100,000 g centrifugation to yield the supernatant (S100) vesicles in vivo was confirmed by silver-enhanced imand pellet (P100) fraction. Although Piccolo is present munogold EM with Piccolo antibodies (Figures 6D-6F ). in S100, more than 90% of Piccolo was found in P100
In this experiment, when Piccolo antibodies were used, ( Figure 4A) . A P100 or S100 fraction was then adjusted 117 dense core vesicles were found decorated with one or more gold particles (1.4 gold particles per dense core to 2 M sucrose and loaded as a layer of a discontinuous (B) Western blots of P100 or S100 fractions from either E18 or P30 rat brain homogenates after running on a flotation gradient and stained with antibodies against Piccolo or synaptophysin. Gradients were prepared by adjusting P100 or S100 fractions with 2 M sucrose and loading them to the bottom of sucrose gradient of 0.3, 0.8, and 1.2 M. After centrifugation, fractions were taken from the top (fraction 1) of the gradient to the bottom (fraction 7). In membrane disruption experiment, P100 was also treated with 2% Triton X100 for 30 min before adjusted to 2 M sucrose.
vesicle). Of the 184 gold particles observed on these
The Piccolo Transport Vesicle Is a Precursor of Active Zones sections, 88.9% were found to be associated with dense core granulated vesicles; 2.6% were found to be labeled The presence of a presynaptic cytomatrix protein, Piccolo, on the outside of a granulated vesicle suggests with other types of vesicular organelle, and 8.5% were found to be associated with nonvesicular material. In that this vesicle may be a precursor to the active zone. If so, one would predict that other components of active the control experiment, 78% of the gold particles were not found to be associated with any specific type of zones would be present. To test this hypothesis, immunoisolated PTV preparations were resolved by sodium organelle, and only 15.8% of the particles (6 out of 38) were seen in close proximity to the 80 nm dense core dodecyl sulfate-polyacrylamide gel electrophoresis and evaluated for the presence of SV, active zone, or perigranulated vesicles. Interestingly, granulated vesicles were found along microtubules, suggesting a microtusynaptic proteins by Western blotting. As shown in Figure 7 , when Piccolo antibody-coated beads were used, bule-based transport mechanism. Furthermore, in cell soma, ‫08ف‬ nm dense core granulated vesicles are presnot only did we affinity purify Piccolo but also the CAZ protein Bassoon, the synaptic plasma membrane ent close to the initial axon segment (Figure 6B ), as well as in a perinuclear region in association with Golgi SNARE proteins syntaxin and SNAP25, and the synaptic junctional cell adhesion molecule N-cadherin. The SV stacks ( Figure 6C ), suggesting that this vesicle is derived from the Golgi apparatus. These data together with the proteins VAMP 2/synaptobrevin, synaptophysin, and synaptotagmin were not found, and neither was the periperinuclear and axonal localization of Piccolo puncta in immature neurons revealed by immunofluorescent stainsynaptic GABA transporter GAT1. In reciprocal experiments with synaptophysin antibody-coated beads, the ing (Figure 2 ) indicate that shortly after synthesis, Piccolo becomes associated with Golgi-derived dense core granu-CAZ proteins Piccolo and Bassoon were not isolated, and neither was GAT1. None of these proteins were isolated vesicles. These vesicles once sorted and transported into axons and their growth cones can readily lated with beads coated with an irrelevant control IgG. Double-label immunofluorescent microscopy on the participate in the assembly of active zones, as suggested by Vaughn (1989) and diagramed in Figure 6H .
axons and growth cones of 3 days in vitro neurons was was to gain insights into the mechanisms underlying presynaptic active zone assembly. Our data show that The association of Bassoon with 80 nm dense core granulated vesicles was confirmed by immunogold EM analPiccolo is expressed both in situ and in cultured neurons at early stages of neuronal differentiation. Moreover, ysis of cultured hippocampal neurons ( Figure 6G ). Here, 72 dense core vesicles were found to be decorated once synthesized, Piccolo was found associated with 80 nm Golgi-derived granulated vesicles that are asymwith gold particles (1.33 gold particles per dense core vesicle). Of the 112 gold particles detected, 91.5% were metrically sorted into axons and their growth cones and recruited into nascent synapses at a time that correfound to be associated with dense core granulated vesicles; 2.1% were found to be labeled with other types of sponds to the acquisition of activity-induced SV recycling. Our initial characterization of the PTV revealed vesicular organelle, and 6.4% were found to be associated with nonvesicular material. Taken together, these that it contains other constituents of active zones as well as chromogranin B but not SV proteins or the perisyresults strongly suggest that the CAZ proteins Piccolo and Bassoon, as well as other active zone proteins, are naptic protein GAT1. These data suggest that active zone proteins are transported to nascent synapses on associated with dense core granulated vesicles in vivo and that these vesicles are precursors of the active zone.
precursor vesicles and support the hypothesis that the and thus may participate in the formation of culture show that Piccolo appears in neurons at early stages of differentiation and thus is available to particinerve terminals, but the relationship between these vesicles, their cargoes, and the assembly of presynaptic pate in active synaptogenesis. For example, in developing neurons, Piccolo is found to cluster along densubdomains such as the active zone is unclear. In this study, we have followed the changing spatial distribudritic profiles as early as 4 days in vitro together with other presynaptic and postsynaptic components contion of Piccolo during neuronal differentiation and have found that it is transported to nerve terminals together sistent with a role for Piccolo in the assembly of CNS synapses. This conclusion is supported by our retrowith other components of the mature active zone in 
